Grazing influences the structure and function of seagrass meadows. Like terrestrial plants, seagrasses have evolved nutritional, structural and chemical mechanisms to either tolerate or resist grazing. Phenols are common secondary metabolites that have multiple roles, including grazing deterrence, and their content in seagrass tissues can vary both among species and within a single species in response to biotic and abiotic processes. Such variability influences the grazing behaviour of species that consume seagrass, but few studies have addressed mesograzers that consume or damage seagrass, such as the nerite Smaragdia souverbiana.
INTRODUCTION
Seagrasses are foundation species that form meadows, which provide valuable ecosystem services (such as food and habitat for a large number of associated organisms), oxygen production, sinks for CO 2 emissions and sediment stabilization (Orth et al., 2006) . Grazing plays an important role as a structuring and functioning agent of seagrass meadows (Heck & Valentine, 2006) . Grazing processes can vary in response to both plant and herbivore traits (Best & Stachowicz, 2012; Poore et al., 2012; Martínez-Crego et al., 2015 . Changes in environmental conditions, such as ocean acidification or nutrient enrichment, can alter the complex interactions between plants and herbivores. This in turn can have important consequences for the distribution and abundance of the interacting species (Cruz-Rivera & Friedlander, 2013; Poore et al., 2013; Vergés et al., 2014; Tomas et al., 2015) . In particular, shifts in the biochemical and structural traits of seagrass can alter growth and storage patterns as well as defences, and have strong influence on the structure of coastal ecosystems (Vergés et al., 2007 (Vergés et al., , 2011 Tomas et al., 2011; Garthwin, Poore, Vergés, 2014; Maxwell et al., 2014; Martínez-Crego et al., 2015; Zupo et al., 2015) .
Seagrasses have evolved several mechanisms of tolerance and resistance to grazing which include nutritional, structural and chemical adaptations (reviewed by Burkepile, 2013) . The last of these include the production of phenolic compounds, which are widespread carbon-based secondary metabolites ranging from low molecular weight phenolic acids to complex polymers such as condensed tannins and lignins (Constabel, 1999) . Phenols are common within the seagrasses (Zapata & McMillan, 1979; Sieg & Kubanek, 2013) , although their roles may be complex and are still not completely understood. They can act as a feeding deterrent and may have antimicrobial, antioxidant and UV-shielding properties (Harrison, 1982; Vergeer & Develi, 1997; Arnold & Targett, 2002; Santoso et al., 2012; Costa et al., 2015) , besides being precursors of structural defences (Bennett & Wallsgrove, 1994) . Variations in phenol content can occur in response to both abiotic (e.g. depth, high temperature and pollution) and biotic (e.g. herbivory, species competition and disease) factors (e.g. Migliore et al., 2007; Pergent et al., 2008; Arnold et al., 2012; Grignon-Dubois, Rezzonico & Alcoverro, 2012; Rotini et al., 2013; TrevathanTackett et al., 2015; Mejia et al., 2016 Sanmartí et al., 2014; Martínez-Crego et al., 2015) . Most research regarding the role of seagrass herbivores and their responses to chemical grazing deterrents has been concentrated on vertebrates (e.g. Moran & Bjorndal, 2005 Aragones et al., 2006; Arnold et al., 2008 Arnold et al., , 2014 Prado et al., 2008; Vergés et al., 2008 Vergés et al., , 2011 . However, a diverse 'guild' of obligate seagrass-feeding mesograzers (<2.5 cm) plays an often overlooked role in the trophic dynamics of seagrasses. Rather than benefitting seagrasses by removing epiphytes, these species consume and damage seagrasses directly (e.g. Holzer, Rueda & McGlathery, 2011a; Poore et al., 2012; Ebrahim et al., 2014; Martínez-Crego et al., 2015 . Gastropods form a diverse component of seagrass assemblages and members of the genus Smaragdia appear to be among the few that exclusively feed on seagrass tissues (Rueda & Salas, 2007; Rueda et al., 2009 Rueda et al., , 2011 Unabia, 2011; Holzer et al., 2011a, b) . Of the 14 species of Smaragdia, three have been observed to feed preferentially on locally available seagrasses (Mediterranean: Rueda & Salas, 2007; Hawaii: Unabia, 2011 ; Indo-Pacific Australia: Rossini, Rueda & Tibbetts, 2014) .
The east coast of subtropical Australia harbours extensive seagrass meadows, which support an abundant and diverse seagrass grazer community, of which its large vertebrate component has been well studied (e.g. Preen, 1995; Aragones & Marsh, 2000; Kuiper-Linley, Johnson & Lanyon, 2007) . In this region, Smaragdia souverbiana is common and feeds on the most common species of seagrass-Zostera muelleri and Halophila ovalis. Paradoxically, Rossini et al. (2014) found a strong preference for the less digestible Z. muelleri, contrasting with the general pattern found elsewhere in Smaragdia, i.e. choice of the most digestible seagrass, which is the species with the largest cell size (Holzer, Rueda & McGlathery, 2011b) . Recent studies have shown that the phenolic content of seagrass throughout the Quandamooka region (Moreton Bay), where this study occurred, vary considerably. At Myora, where a freshwater spring maintains a low seawater pH, seagrasses show a low phenol content (Arnold et al., 2014) . Shifts in phenol concentration may alter the palatability of seagrass tissues to small invertebrates and therefore explain variance in grazer dynamics across sites. Very few studies have assessed the effect of phenols as grazing deterrents in invertebrate mesograzers and previous feeding experiments on S. souverbiana did not account for the role of environmentally or biotically-mediated feeding deterrents.
In order to assess whether phenols in seagrass affect the feeding behaviour of S. souverbiana, this study aimed to test whether: (1) phenol content is different across sites and seagrass species, (2) the amount of damage inflicted by S. souverbiana varies according to site and (3) variance in feeding choice relates to phenol content.
MATERIAL AND METHODS

Sampling sites
This study was carried out during the summer (January) of 2015, in the eastern part of Moreton Bay, Queensland, Australia. Gastropods and seagrasses were collected at two sites on the western coast of North Stradbroke Island: Dunwich (27.494762°S, 153.399728°E) and Myora (27.468721°S, 153.421496°E). At Myora, a creek fed by the Myora spring and groundwater discharge flows into coastal wetlands, creating low pH/high CO 2 conditions in the seawater (Arnold et al., 2014) . Seawater parameters were measured during the sampling at both sites, using a handheld multichannel probe (Table 1) .
Study organisms and specimen collections
At the two sites, intertidal seagrass beds are predominantly composed of Zostera muelleri and Halophila ovalis, with high temporal and spatial variability in the percentage cover (Roelfsema et al., 2013) .
At each site, at least 40 shoots of Z. muelleri and 40 shoots of H. ovalis were collected, during low tide. Plants were immediately transported in cool dark containers to the laboratory and leaves were gently wiped clean of epiphytes. Clean shoots for phenol determinations were frozen and stored at −80°C until processing, while remaining samples were used for the feeding experiments.
Smaragdia souverbiana is a small (<5 mm maximum shell length) seagrass associated marine gastropod. Its shell is sand to green in colour, with a vivid pattern of blackish lines with embedded clear diamonds across the whorls. For each feeding experiment, 30 individuals of S. souverbiana (1-3 mm in shell aperture length) were collected from the two sites (15 from each site, far from freshwater inflow), simultaneously with plants, and acclimated for 24 h without feeding and with removal of faeces. Tests for differences in preference of snails from each site were not conducted in this study. Nevertheless, the same number of individuals from the two sites and a random assignment to all experiments and treatments, regardless of their site of origin, minimized possible bias.
Total phenol content analysis
Analyses of total phenol content were conducted according to the protocol utilized for other seagrass species (Migliore et al., 2007) . Leaf tissues of Z. muelleri and H. ovalis collected from the two sampling sites (10 shoots per site, for each species) were processed. Second-and third-rank leaves were ground in liquid nitrogen using a pestle and mortar. Total phenols were extracted from 100 mg of powdered leaf tissue in 4 ml 0.1 N HCl at 4°C for 24 h. Extracts were pelleted by centrifugation (3,000g, 20 min) and the supernatant recovered. The residues were washed with 4 ml 0.1 N HCl, centrifuged (3,000g, 20 min) and the supernatants pooled by samples. Total phenol concentration was spectrophotometrically measured [λ = 724 nm, chlorogenic acid (Sigma) as standard] using the Folin-Ciocalteau method (Booker & Miller, 1998) . Extracts were read in duplicate using an Agilent Cary 60 UV-Vis spectrophotometer. Results are expressed as mg/g of fresh weight (FW).
Feeding preference experiments
In order to determine whether total phenol content in seagrasses has an effect on the feeding preferences of S. souverbiana, we carried out different choice experiments using methods described by Rossini et al. (2014) . Herbivores were offered a choice between seagrass tissues of different species from each site (see Table 2 for experimental design). After a 24-h starvation period, single individuals of S. souverbiana were placed in 50-ml jars perforated with 1-mm holes, suspended in an aerated and circulating 1000-l tank containing filtered seawater. Seawater parameters in the aquaria were measured using a handheld multichannel probe (Table 1) . Six replicates of control (seagrass with no snail) and treatment (seagrass + snail) were established by fastening two seagrass blades, with low epiphyte load and no previous grazing damage, in each jar using a small cable tie. Treatments were randomly allocated to aquaria. After 24 h seagrass was removed for damage assessment and the snails were returned to the field. Rossini et al. (2014) . Senescent and browning tissues were included in the total leaf area, but not in the grazed component. Leaves in control treatments showed no damage during the experiment and were removed from the analysis.
Statistical analysis
The differences between total phenol content across species (Z. muelleri and H. ovalis) and sites (Dunwich and Myora) were analysed by two-factor ANOVA, with species and site as fixed factors.
Feeding preferences for seagrass from either population were assessed following the methods recommended by Jackson & Underwood (2007) . Individual pairwise t-tests were used to determine differences in the amount of damage caused to seagrass in isolation versus when a choice was available (different species or different site). All statistical analyses were conducted using R software (R Development Core Team).
RESULTS
Total phenol content
Concentrations of total phenols in leaf tissues varied significantly across species and sites ( Fig. 1 ; ANOVA site × species, n = 5, F = 18.88, P ≤ 0.001). Halophila ovalis contained significantly higher phenol concentrations overall (n = 10, F = 207.18, P ≤ 0.001) and was notable for having a higher variance in the Dunwich population. Both species showed significantly lower phenol concentrations at Myora (n = 10, F = 55.42, P ≤ 0.001).
Feeding preference experiments
The choice made by Smaragdia souverbiana in experimental treatments varied depending on the seagrass species and the location from which it was collected. When given a choice between H. ovalis and Zostera muelleri from Myora, individuals showed a preference for H. ovalis. This preference is significant and evident when the seagrasses were offered as choice (Fig. 2) . In the comparisons of choices between the same species from the two sites, individuals of S. souverbiana showed a preference for Z. muelleri from Myora over that from Dunwich. They consumed more of the Myora population when offered a choice (Fig. 3A) . Likewise, when offered H. ovalis from both sites, S. souverbiana always caused significantly more damage to the Myora population, irrespective of whether it was in a choice experiment or not (Fig. 3B) . Figure 1 . Total phenol concentration in Halophila ovalis and Zostera muelleri collected from Myora (low pH/high CO 2 ) and Dunwich (normal pH, control), Queensland. Different letters denote significant differences in phenol concentration. For feeding preference between species, only plants from Myora were used (feeding preference data using Dunwich plants are given by Rossini et al., 2014) .
DISCUSSION
Significant difference in phenolic content was found between Zostera muelleri and Halophila ovalis, and between populations of the same species from the two different locations (Dunwich and Myora). The mean total phenol content was consistently lower in Z. muelleri than in H. ovalis and reduced by about 60% in both species at Myora. These differences in phenolic content were associated with different feeding choices made by the nerite mesograzer Smaragdia souverbiana.
Rather than a strict association with one species based on its chemical defence (phenol content) or digestibility (directly related to cell size; Holzer et al., 2011b) , S. souverbiana appeared to make choices among locally available seagrasses based on a trade-off between digestibility and phenol content. These findings affect the conclusion made in a previous study regarding patterns of choice in S. souverbiana: Rossini et al. (2014) reported that S. souverbiana preferred the small-celled Z. muelleri to the large-celled H. ovalis. This was in contrast to previous findings for other Smaragdia species, which preferentially feed on the most digestible species available. The results presented here help to explain this paradox. The conclusion by Rossini et al. (2014) was influenced by the limited site-replication and the high phenol concentration of H. ovalis at the site where seagrasses were collected (Dunwich). The present findings, in conjunction with those of Rossini et al. (2014) , suggest that S. souverbiana makes a more complex choice based on the trade-off between digestibility (i.e. cell size) and phenol concentration. In this trade-off, species with the smallest cell size are avoided altogether (Cymodocea serrulata; Rossini et al., 2014) . When phenolic content is low, S. souverbiana consumes the seagrass that offers the most digestible tissue. This is observed even if the chosen species has higher phenol content than the alternative (e.g. H. ovalis from Myora). However, when the local population of the more digestible seagrass is too well defended chemically (in this case H. ovalis at Dunwich), the seagrass species with lower phenol is chosen irrespective of its digestibility. This conclusion assumes that preferences for particular seagrasses or phenol concentrations are the same across all populations of S. souverbiana, although there is the potential for different populations to show differing patterns of preference, which was not addressed by this study.
Smaragdia species are of particular interest because a growing body of evidence suggests that they are specialists, feeding only on seagrass (Rueda & Salas, 2007; Rueda et al., 2009 Rueda et al., , 2011 Unabia, 2011; Holzer et al., 2011a, b) . Such specialization is a more common feature in terrestrial than marine grazers (Hay & Steinberg, 1992) . Smaragdia snails are able to feed directly on seagrass tissues owing to their highly specialized radula, which allow them to cut open seagrass cells and ingest their contents rather than ingesting whole cells (Rueda, Salas & Gofas, 2011; Unabia, 2011) . This allows them to avoid the need to digest the thick cell walls of these plants. Despite this specialized feeding technique and the potentially long evolutionary history of the association between Smaragdia and seagrasses, there is little evidence that some Smaragdia species are specialist feeders on particular seagrass species. For example, S. viridis has a trans-Atlantic distribution and is associated with different suites of seagrass species in the Caribbean versus the Mediterranean (Holzer et al., 2011a) . The growing numbers of studies of Smaragdia suggest that these specialized nerites are able to consume a wide range of seagrasses, and that each species preferentially feeds upon the locally available species that is the most digestible or the least chemically defended.
The prevailing environmental conditions can have a strong influence on the chemical traits of local seagrass populations, which in turn influence their palatability to grazers and potentially the grazing pressure that they experience (Tomas et al., 2011; Vergés et al., 2011; Grignon-Dubois et al., 2012) . In this study, the observed reduction of total phenol content in both Z. muelleri and H. ovalis is considered to be a response to acidification from localized freshwater inflow at the Myora site (Arnold et al., 2014) . Such environmentally-mediated variation may involve other plant traits (e.g. leaf toughness and nutritional traits; Martínez-Crego et al., 2016) . However, Arnold et al. (2014) recently reported that the seagrass leaves from Dunwich and Myora were of comparable nutritional quality. Whether or not local variation in phenol content is indicative of other nutritional changes in seagrasses not considered by us, differences between seagrasses at these two sites clearly influenced the feeding choices of S. souverbiana and resulted in different rates of grazing/damage in the field (see results of Rossini et al., 2014) . Variance in such traits creates differential local vulnerability to herbivore attack, epiphytic overgrowth, biological invasions and other stressors (Grignon-Dubois et al., 2012) .
This site-specific variance in seagrass traits influences the role of herbivory in seagrass dynamics depending on grazer identity (Steele & Valentine, 2015) . For some species, the physical structure of the seagrass appears to be the most deterrent trait, whereas for others it is the chemical (including phenol) content that influences grazer avoidance (Agrawal, 2011; Moles et al., 2013) . Large mobile seagrass grazers such as dugong, turtle or fishes move between feeding grounds and are thus likely to concentrate their feeding behaviour around sites where seagrasses are most palatable. However, small mesograzers like Smaragdia have little ability to move between sites in the face of high chemical and physical protection. For this element of the grazing guild, local conditions are likely to have a much stronger effect on their populations and on their ability to influence seagrass productivity. In systems where grazing is known to have a strong influence on community dynamics (e.g. coral reefs), the complementarity of a diverse range of grazers, each with their own preferences and abilities, is thought to be as important as their collective biomass (Carpenter, 1986; Burkepile & Hay, 2008) . Similar observations have been made on seagrass systems (Duffy, Richardson & Canuel, 2003) . However, in both systems, few studies have considered the role of mesograzers, particularly invertebrates, and most studies of seagrasses have relegated all invertebrates to the role of epiphyte grazers that benefit seagrasses. When considering the roles of diversity and of grazer complementarity, we must be mindful of all elements of the grazing guild, not just the larger mobile species.
Herbivores are important structuring agents in marine communities (Poore et al., 2012 and plant traits influence the way these communities behave (Cebrian et al., 2009; Grignon-Dubois et al., 2012) . Changes in such plant-herbivore interactions can profoundly alter ecological relationships within communities, particularly when they impact foundation species like seagrasses. In natural outflow areas such as Myora, the low pH area is spatially limited to the vicinity of the creek; however, broad scale ocean acidification may render large areas of seagrass more susceptible to grazing. Alsterberg et al. (2013) demonstrated the potential for direct and indirect effects of climate change on marine primary producers (including seagrass), suggesting that indirect effects may be as strong as direct ones, with grazers being crucial in mediating the outcome. This work shows that grazer preferences can be complex, even in small gastropod mesograzers, and result in stark differences in seagrass vulnerability to attack that are contingent on local environmental conditions. This work also demonstrates that mesograzers are as susceptible as larger grazers to chemical and structural defenses of seagrass. These points deserve further investigation. Particularly relevant will be studies that assess the extent to which grazers create top-down influences on seagrass dynamics-including the role of mesograzers like Smaragdiaand how such influences vary under different environmental stress, in different seagrass species and at different sites.
